Introduction
The characteristic mechanical properties of non-crystalline polymers in the rubbery or liquid region are attributed to their very long, flexible molecules which are in continual Brownian motion and tend to assume coiled configurations such that the average end-to-end distance is very much less than the total contour length of the molecular chain. This is the origin of the entropy or rubberlike elasticity of such systems.
The viscosity of such polymers (the unmodified term viscosity refers to resistance to steady flow in shear) becomes much greater at high molecular weights than can be explained by a resistance to flow proportional to the molecular weight or chain length. This rather complicated molecular weight dependence is generally attributed to entanglements of some sort between the chains at and above some critical molecular weight characteristic of each polymer. The effects of temperature and pressure do not depend strongly on molecular weight and are ordinarily assigned to a segmental friction coefficient which represents the resistance to motion which would be experienced by a segment of the molecular chain if it could move independently of the other molecules.
The size of the segments used in such discussions is not defined precisely as a rule. Since the segmental resistance is taken to be proportional to the length of the segment selected, its size does not appear in the final results of most calculations.
For convenience in this discussion we will consider segments small enough so that no entanglement effects are involved in their motions but large enough so that a Gaussian distribution of end-to-end segment lengths may be assumed and they may be considered as entropy-type springs in discussing the elastic forces. Our segments here are then equivalent to the sub-molecules discussed by Rouse and Bueche in their theories of viscoelastic behavior.
It is the segmental friction coefficient which interests us here, and while our attention will be directed toward polymers, the discussion should be applicable to any simple liquid which does not change its degree of association or otherwise exhibit some type of structural change with changing temperature and pressure.
We shall assume that all the influence of temperature and pressure is included in the segmental friction coefficient, realizing that this is probably an oversimplification justified only by our limited understanding of all the factors entering into the transport properties of any real material. From this picture one would predict that the effects of temperature and pressure on any timedependent motions could be expressed in a simple fashion in terms of the ratio of viscosities at corresponding temperatures and pressures.
This expectation has been thoroughly tested and confirmed for a wide variety of shearing motions at atmospheric pressure, as evidenced by the successful use of reduced frequencies or times to express experimental results. Measurements of viscoelastic properties at different pressures are limited, but the bulk of the evidence available supports our expectation that the effects of pressure should also be included primarily in the segmental friction coefficient.
We also expect that time-dependent changes in volume should depend on temperature and pressure in the same fashion as do shearing motions. For on a molecular scale the segments can have no knowledge of the type of macroscopic force acting on the sample. This macroscopic force will determine the type of the total response, but the motions of the individual segments in adjusting themselves to new equilibrium positions will be opposed by the same frictional force in any type of deformation.
There are two qualitative distinctions between shearing and dilatational motions. These do not, however, contradict the above assumption if we realize that they are connected with the type of macroscopic motion rather than with the details of molecular motions. First, we cannot expect to find motions involving large translations of the centers of gravity of individual molecules in any volume deformation.
As a matter of fact, only relatively few chain segments appear to be involved in most such motions, as evidenced by the fact that the instantaneous and equilibrium compressibilities are of the same order of magnitude rather than differing by a factor of about 104
as do the corresponding shear compliances for a typical vulcanized rubber. Second, during the analog of a creep measurement in compression, the volume of the sample is changing continually during the measurement. The model which this treatment implies is that the segmental resistance coefficient in polymers is determined by a fractional free volume, which has some arbitrary finite value at the glass transition, not defined in molecular terms, with a temperature coefficient equal to the difference in coefficients in the liquid and glassy states. This is not precisely the same as defining a free volume (as opposed to a fractional free volume) in terms of the actual volume and that extrapolated from the glassy region, the difference arising from the fact that the expansion coefficients temperature.
To this definition we add the parallel one that the pressure coefficient of free volume equals the difference between that for the liquid and for the glassy state. By defining a fractional free volume, f, from these assumptions rather than from the assumption that it equals (v-v0)/v, involving the poorly defined parameter v0, we obtain:
and pendent of temperature and pressure, we find:
Experimental Determination of the Influence of Pressure
We have attempted, in recent work at the National Bureau of Standards, to check the predictions of this theory as regards the influence of pressure on the time-scale of viscoelastic properties of polymers. For this purpose we have utilized measurements of the dynamic compressibility which depend on frequency, temperature, and pressure, and which according to the arguments of the first section should be related to the shear viscosity through the factor aT, P. The sample in these measurements is contained in a small (compared to the wavelength of sound at the frequency of measurement), rigid cavity, along with a confining fluid which has a real (and hence frequency-independent) compressibility which must be known at each temperature and pressure, and two ceramic transducers which show a net volume change when excited by a sinusoidal electrical signal. Static pressures of up to 1000 atmospheres may be applied, and the cavity is immersed in a liquid thermostat for temperature control. The dynamic pressure variations are so small (of the order of one dyne/cm2) that we may use a linear theory in calculating the compliance of the sample, although these measured compliances will of course depend on the static pressure. The dynamic compressibility of rubberlike polymers is a function of frequency, temperature, 
